activation by object fragments in human object areas. J. Cogn. Neurosci., in press. 10. Sokal, R.R. (1983 Mitochondria and their relatives constitute a wide range of organelles, only some of which function in aerobic respiration. Mitochondrial remnants from different anaerobic lineages show a striking degree of functional convergence.
Christopher J. Howe
For many years, the view was widely held that mitochondria originated when a primitive eukaryotic cell acquired through endosymbiosis a prokaryote capable of oxidative phosphorylation. Some of the endosymbiont's genes were lost, some were transferred to the nucleus, and a stable relationship was established that has lasted very successfully for well over a billion years. The fact that anaerobic eukaryotic lineages exist today -such as the gut-dwelling pathogen Giardia -was attractively consistent with this view of mitochondrial origin. These anaerobic eukaryotes appeared to lack mitochondria and according to molecular phylogenetic trees seemed to have diverged from other eukaryotes very early -presumably before the acquisition of mitochondria. This group became known as the Archezoa [1] . However, a discovery that would ultimately be crucial to the demise of the Archezoan concept had been made back in 1973 with the description of hydrogenosomes in anaerobic trichomonads [2] . Hydrogenosomes are now recognised as derived from mitochondria. They produce hydrogen and ATP and have been found in a range of anaerobic or almost anaerobic eukaryotes. Writing in Current Biology, Stechmann et al. [3] have now described another example of a mitochondria derived organelle that sheds light on their evolutionary fate. A second development leading to the demise of the Archezoan concept was the recognition that the anaerobic, amitochondriate eukaryote Entamoeba histolytica contains nuclear genes for the mitochondrial proteins pyridine nucleotide transhydrogenase and the chaperonin cpn60 [4] . This discovery indicated that this supposedly amitochondriate organism had possessed mitochondria in the past and might even have retained a remnant of the organelle. Although the placement of Entamoeba among the Archezoa was controversial, other members of the Archezoa were soon shown also to harbour genes for proteins of mitochondrial origin and remnant mitochondrial compartments [5] . We now recognize that all eukaryotes probably have mitochondria, or their remnants, and indeed it arguably was the acquisition of the mitochondrion that marked the birth of the eukaryotes [6] . Furthermore, the phylogenetic position of Archezoa as early-diverging eukaryotes is also questionable [7, 8] .
A Diversity of Mitochondrial Forms
Mitochondrial remnants are known as hydrogenosomes or mitosomes, depending on their function. In general, organelles derived from mitochondria can be ordered on a spectrum based on their structure and function ( Figure 1 ). Classical mitochondria, with their cristae as well as their electron transfer chain and F 1 F 0 ATPase for oxidative phosphorylation in aerobic conditions, represent one end of the spectrum. Close to these are the mitochondria of some anaerobic metazoa, such as those of parasitic worms, which lack some components of the electron transfer chain [9] .
Mitosomes are at the other extreme of the spectrum, and have lost their energy-producing role. Their sole function may be in the biogenesis and assembly of iron-sulphur clusters for use elsewhere in the cell. In between mitochondria and mitosomes are the hydrogenosomes [10] . Typically, these oxidise pyruvate using pyruvate-ferredoxin oxidoreductase, producing ATP by substrate linked phosphorylation, and molecular hydrogen as a waste product using a hydrogenase. Although elements of complex I (NADH dehydrogenase) of the electron transfer chain may be present, as in the hydrogenosomes of Trichomonas [11] , there is not a complete chain. In general, hydrogenosomes and mitosomes lack an organellar genome, but features such as the protein import pathway and, where present, the complex I mark them out as of mitochondrial origin. In one case, the hydrogenosome of the ciliate Nyctotherus, there is also a remnant genome, phylogenetic analysis of which confirms the organelle's mitochondrial origin [12] . In many respects, the Nyctotherus hydrogenosome is midway between mitochondria and other hydrogenosomes. Although, like Trichomonas, it lacks complexes III and IV of the electron transfer chain, it does have a complex II [12] . Stechmann et al. [3] have now described another example of an organelle that is midway between mitochondria and hydrogenosomes. Although it comes from an organism in a different taxonomic group from Nyctotherus, it demonstrates remarkable convergence with the Nyctotherus organelle and shows how Nature has independently adopted similar solutions to the requirements of an anaerobic lifestyle.
Convergent Evolution of Organelles
Stechmann et al. [3] describe mitochondria-like organelles from Blastocystis, an intestinal parasite that belongs to the stramenopiles -a group containing brown algae, diatoms and the oomycete Phytophthora and taxonomically distinct from the ciliate Nyctotherus. Stechmann et al. [3] used several different approaches to characterise the organelle and infer its biochemistry, including immunolocalisation of a hydrogenase, sequencing of part of the organellar genome and expressed-sequence-tag analysis. Like Nyctotherus, the Blastocystis organelle contains a number of subunits of complex I of the electron transfer chain, including those responsible for establishing a proton gradient. Importantly, both organisms have retained an organelle genome, encoding subunits of complex I. This is consistent with the notion that retaining some genes for components of redox complexes in organelles allows rapid response to redox imbalance [13] . There is also a complex II homologue, which Stechmann et al. [3] suggest may function as a fumarate reductase rather than succinate dehydrogenase. This is also believed to be the case with Nyctotherus as well as mitochondria found in some metazoa (such as parasitic worms) that can function anaerobically. Both Blastocystis and Nyctotherus have a pyruvate dehydrogenase, like conventional aerobic mitochondria. Apparently, of the two only Blastocystis also has pyruvate-ferredoxin oxidoreductase as a means of oxidizing pyruvate. As expected, the Blastocystis organelle contains proteins involved in iron-sulphur-cluster biogenesis, as well as components of a protein import machinery of clear mitochondrial origin.
The fact that Blastocystis and Nyctotherus arrived by different evolutionary routes at remarkably similar solutions to the requirements imposed by a largely anaerobic lifestyle is reflected in some significant differences between them. For example, the Blastocystis hydrogenase has an extra flavodoxin domain compared to others, which may provide an additional route for electron transfer into the enzyme. The Nyctotherus enzyme also shows significant differences from other hydrogenases that have been interpreted as indicating lateral gene transfer from delta-proteobacteria. Intriguingly, Blastocystis has an Alternative Oxidase, which provides an alternative route for electrons to pass from complex I or II to oxygen [14] . Maybe this is used as a means of protection against oxygen toxicity. Nyctotherus appears to lack this enzyme [12] . Unravelling the taxonomic distribution and complex history of the enzymes such as hydrogenase and Alternative Oxidase will help illuminate the multiple independent origins of hydrogenosomes and related organelles.
Complete Loss of Endosymbiotic Organelles?
The organelles of Nyctotherus and Blastocystis are on the spectrum of degeneration from mitochondria to mitosomes. Can an organism lose an endosymbiotic organelle completely, whether a mitochondrion or a chloroplast? Many non-photosynthetic organisms that have a photosynthetic ancestry are known to have For simplicity, the figure shows only a few of the key activities of the organelles. Although the Trichomonas hydrogenosome contains complex I of the electron transfer chain, this is not the case for all hydrogenosomes. The role of the mitosome in Trachipleistophora is not fully established [18] . Whether any organisms have lost mitochondria completely is unclear.
a remnant chloroplast, with an associated genome. Perhaps most notorious among these is the world's most dangerous 'alga', the malaria parasite Plasmodium [15] . Whether anything has gone further and lost both the chloroplast compartment and its genome is less clear, although Cryptosporidium, a relative of Plasmodium, may have done so [16] .
In the mitochondrial lineage, the most plausible remaining role for mitosomes is iron-sulphur cluster biogenesis. However, in Entamoeba, even this biogenesis function seems to have been taken over by proteins of non-mitochondrial origin. Their location in the cell remains to be established and so the role of mitosomes in Entamoeba remains unclear [17] . In Trachipleistophora hominis, at least part of the iron-sulphur-cluster biogenesis pathway has been delegated to the cytosol [18] . So there may well be organisms where the whole of this role has been delegated by the mitochondrion, and where after over a billion years of trying to make themselves indispensable, the mitochondrion and its descendants have finally disappeared, like the grin of Alice in Wonderland's Cheshire Cat. The mirror neuron system may help us understand how others act and what they do. A recent study has shown that consciously reflecting on their intentions additionally recruits mentalizing areas.
Marc Thioux, Valeria Gazzola and Christian Keysers
You are a student interested in the origin of life and have an appointment with a renowned scholar in a café . When you arrive, he is already sitting at the terrace, absorbed in a book. You introduce yourself, and are invited to take a seat. The conversation goes on for an hour, then slows down. The professor leans back into his chair and reaches with his left hand for one of the books on the table. Your perception of this last action has at least three levels. At the lowest, most detailed level, you could perceive how he performed this action: with his left hand, using a whole hand prehension. At the intermediate level, you perceive what he is doing: grasping a book. At the highest level you might perceive why he is doing it: to signal that your conversation is over. The last decade brought major advances in our understanding of the cerebral structures involved in processing the how, what, and why of other people's actions. In a paper published recently in Current Biology, de Lange et al. [1] have addressed the question of how our brain flexibly switches between these various levels by comparing brain activity while people attend to the how or why of other people's actions.
Progress in this field suffered from a division into two camps [2] , who have taken different views of how the neural processes underlying our understanding of what others are doing. One of the camps has taken the view that this involves a process referred to as mentalization -conscious thinking about the state of minds of other individuals [3] . Researchers in this camp have emphasised data showing that certain regions of the paracingulate gyrus are activated when subjects mentalize; Grezes et al. [4] and Brass et al. [5] suggest that such regions can provide information about 'why' other people perform certain actions.
The other camp has emphasised the importance of the 'mirror neuron system'. This view was originally stimulated by research on monkeys, in particular the discovery of single cells in the monkey's superior temporal
